Abstract. In order to reduce the error of interangle cosine method or correlation method in the chromatographic fingerprints analysis, an improved similarity algorithm that assigns different weight according to information entropy was proposed in this paper. In this way, 23 samples of Exocarpium Citrus Grandis collected from different places were obviously classified as two different species, which solved the problem that it is difficult to make an accurate identification either by the traditional similarity algorithm or its' optimization by coefficient of variation. Further more, better results were obtained by compared with discrimination model base on principal component analysis and artificial neural network. So, the method based on information entropy was more suitable for quick, effective discrimination of species and origin of traditional Chinese medicine.
Introduction
Traditional Chinese medicine has a long history and still serves widely. However, owning to its complex component, almost not a single effective part but effective group, so quality control is the key to TCM modernization and internationalization. Along with the development of information technique and analysis means of TCM, chromatographic fingerprint technique has become an important method to discriminate varieties, origin and control quality of TCM [1] . The similarity calculation of chromatographic fingerprint of TCM usually adopts interangle cosine method or correlation method. The traditional method could calculate similarity according to the whole data or the data (area or height) of peaks from the fingerprint [2] . However it has certain limitation: the characteristic may be submerged due to its equal weight. Thus this causes the error for the whole similarity results. For example, it is difficult to identify Citius Grandis Osbeck. Var. tomentosa Hort.(CGO Var. TH) from Grandis (L.) Osbeck (CGO) by traditional method, for the similarity of the two different species is almost more than 0.95 and adjacent. CGO Var. TH and CGO both origin from Exocarpium Citrus Grandis, but the former is much better than the latter in quality [3] . In this paper, a new method of similarity calculation that assigns the different weight according to information entropy is developed. By applying this method in discrimination of two different species of Exocarpium Citrus Grandis by high performance liquid chromatographic (HPLC) data, reasonable results were obtained and the usability of the method was proved out.
Theory

A. The Traditional Similarity Algorithm
The similarity algorithm of chromatographic fingerprint of TCM usually adopts interangle cosine method or correlation method. Both could reflect the shape of chromatographic fingerprint similar to or not, that is, whether TCM both has the same components and the same relative proportion [4] .The method of correlation is generally defined as,
Therein i x and j x are the means of the two chromatogram data, m is the number of peaks. The method of interangle cosine is defined as,
The Similarity Algorithm Based on Information Entropy The original similarity algorithms apply the equal weight to calculate similarity, which may submerge the characteristic and thus lead to the misjudgment of the whole similarity. To overcome this limitation, an objective method of assignment weight based on information entropy is proposed. Information entropy measures the uncertainty according to probability theory. It indicates that the more discretely data distributes, the greater the uncertainty is [5] .The information entropy of a peak is signed as h k ,
Where n is the number of chromatograms,
,x lk is the characteristic value of the peak in the chromatogram .While f lk =0，h k =0.
Equation (3) reflects the balanced degree of each peak: The higher entropy value, the more balanced decision-making information.
To ensure comparability among the various peaks, the balanced degree can be expressed as following,
Then the divergence of a peak can be expressed as：
It is shown that, the more discretely the characteristic value of the peak distributes, the greater the corresponding divergence is, which indicates the more important role it plays. On the contrary, the results contrast. When the characteristic value of the peaks in each fingerprint is equal, that is to say the peak does nothing. At last, the weight of the peak can be assigned by information entropy.
Combining entropy weight, the interangle cosine method and correlation method can be optimized as,
Results analysis and discussion
Using the original chromatography of 23 samples of Exocarpium Citrus Grandis (12 samples of CGO Var. TH collected from Huazhou, Guangdong and 11 samples of CGO purchased from different places)obtained by the experiment operated in literature [6] , a number of peaks can be gotten (Fig.1,  Fig.2 ), which is the key factor to evaluate the integrity of fingerprint . In all the fingerprint of the samples, most peaks appeared in the range of 25.00~68.00 min, which indicated the range can be regarded as the characteristic range of Exocarpium Citrus Grandis. Furthermore, 22 peaks were selected as the "characteristic peaks", according to the rule that which separates highly and with an area above 0.5%. Then, the data of each HPLC corresponding peak for similarity analysis was standardized as follow. Firstly, the relative retention time are confirmed by naringin (RT=34.70min) and rhoifolin (RT=41.70min), which are the two most main constituents. And the relative area is normalized. Figure 1 . HPLC fingerprint of CGO.Var.TH Figure 2 . HPLC fingerprint of CGO Based on information entropy, the divergence and weight of each peak is confirmed, and the results are shown in Tab.1. It indicated that information entropy could reflect the influence degree of each characteristic peak appropriately. The weight of No. 8 Peak(identified as naringin),whose content is much greater than other peaks in both CGO Var. TH and CGO, is reduced greatly as a result of its little divergence. On the other hand, the weight of No.11 Peak (identified as rhoifolin) and No.15 Peak (identified as naringenin) is both increased relatively, which reflect their great divergence .The conclusion above is consistent with the literature [7] . Furthermore, it could be found that the weight of No.10 Peak is also obvious, even higher than those of the content of rhoifolin and naringenin. From the original data, it could be interpreted that this peak almost appears not in GCO but in CGO Var. TH, although its content is inconspicuous and not studied so far. In general, the results revealed that information entropy could offer reasonable measurement of importance of each peak. Combined with information entropy, the similarity results of each sample referred to the "common model" by simulative mean all 12 samples of CGO Var. TH are listed in Tab Among the 23 samples of Exocarpium Citrus Grandis, the content of rhoifolin in CGO Var. TH varied between 0.177% and 1.33%.,conversely those in CGO mostly below 0.17% except for CGO 2.CGO.2 comes from Guangxi, the content of rhoifolin is 0.210%, so that it could be seen as a special case between CGO Var. TH and CGO . Generally the content of rhoifolin in CGO Var. TH is obviously higher than those in CGO, which has proposed as one of the characteristics for identification of CGO Var. TH and CGO in literature [3] . Therefore, it may reveal the reason why the similarity of CGO 2 is still high even if the information entropy is applied. Thereby, it is suggested that the sample of CGO 2 could be excluded from the similarity analysis.
TAB In addition, these 23 samples of Exocarpium Citrus Grandis were used to build discrimination model base on principal component analysis and artificial neural network [8] .The result shows that CGO 2 and CGO 23 were mistaken as CGO Var. TH. However, only CGO 2 was misjudged in the process of calculation by correlation coefficient based on information entropy. It proves that CGO 2 could be seen as outlier and the similarity algorithm improved by information entropy is more suitable to identify varieties of herbs by chromatographic fingerprint. The results of comparison are listed in Tab. 3. Compared with BP network based on principal component analysis (PCA), the similarity algorithm improved by information entropy could offer more efficient discrimination .To a great extent, it owed that this method not only takes all the characteristic peaks in the fingerprint as the basis for discrimination, but also measure the influence degree of each peak in whole. Moreover, this method appears to be more direct, simple and rapid, for it doesn't need network's learning or training.
Summary
In the process of analysis of chromatographic fingerprints of TCM, it is often difficult to make an accurate identification or qualitative analysis by convention methods when confronted with some component which contains particularly high content but changes slightly. How to effectively reflect the degrees of influence of each component is the key to the solution. Thus, information entropy is introduced to the similarity algorithm. In this way, not only can all the peak data be taken into account but also can the weight of each peak be got conveniently and effectively. It gets perfect results in the identification of two different species of Exocarpium Citrus Grandis. This method also can extend to discrimination of different species and analysis of the quality of TCM.
